Abstract: This paper analyses some aspects of the management of municipal solid waste in one of the islands of the Galapagos archipelago. The aim is to point out a few aspects of an interesting experience that could help decision managers faced with the organization of the waste sector in similar realities. The relevance of this case study consists in the presence of a very famous National Park surrounding the inhabited area. The role of tourism in the generation of waste is analyzed too.
Introduction
This paper relates to a study conducted on the island of Santa Cruz, Galápagos Archipelago, Ecuador. Given its exceptional and unique biodiversity, the archipelago enjoys special protection and laws. The total land area is 788,200 square kilometers, of which 96.7% consists of the National Park, and the remaining 3.3% is made up of urban and agricultural areas, located on the islands of San Cristobal, Santa Cruz, Isabela and Floreana. The entire province can be approximately divided into three strongly interconnected subsystems: a green park, a marine reserve and urban agglomerates [1] .
In recent decades, the existences of a local population and increasing flow of tourists and heavy development have produced the first signs of the potential unsustainability of this fragile ecosystem. The national 2010 census reported a total population of 21,067 inhabitants, of whom 17,997 were in urban areas and the remaining 3070 were in rural areas. Population growth is one of the major emerging issues, resulting from tourism dynamics and the consequent increase in waste production [2] [3] [4] [5] .
Over the years, numerous measures have been proposed to address the problems related to the sustainable disposal of municipal solid waste (MSW). A curbside collection system has been recently established, together with a center for sorting and recycling [2] .
The aim of this work is to analyze the criticalities arising from the need to preserve the ecosystems of this extraordinary island and the need to find an economically and technologically sustainable model of MSW management for the municipality of Santa Cruz, similarly to what is done in other low income countries [6] [7] [8] [9] [10] . A specific aim concerns the finding of replicable solutions for the management of MSW in tourist islands.
Our study focuses also on the new neighborhood under construction in Puerto Ayora in accordance with national legislation the Millennium Development Goals, national legislation, including the Law of the Special Regime for the Conservation and Sustainable Development of the Province of Galapagos, the Plan of Conservation and Sustainable Development developed by the former Instituto Nacional Galápagos (INGALA), and following the suggestions of the Pan American Health Organization [11] [12] [13] .
Methodology
The present work has been developed through the following steps:
-Collection of literature data specifically available for the island of Santa Cruz -Planning of field activity for the verification of the available data and their integration/updating -Organisation and development of a 2 month stay of one of the authors for the planned field activities -Critical analysis of the collected data, also for pointing out replicable experiences -Elaboration of proposals for the improvement of the waste management
Characteristics of the Area of Study
The island of Santa Cruz is the second largest island (986 km   2 ) of the archipelago, with a maximum altitude of 864 meters above sea level and with the largest population in the province. The district of Santa Cruz includes the capital Puerto Ayora and the villages of Bellavista and Santa Rosa. In addition to the island of Baltra (site of the airport), the islands of Marchena, Pinta, Pinzon, Seymour and other smaller islets are under the jurisdiction of this district.
The population of the island has increased considerably: in 2010 the population reached 15,393 inhabitants, of whom 11,974 residents were in the urban area of Puerto Ayora, 2425 in Bellavista and 994 in Santa Rosa. The population density of Puerto Ayora is the largest of the entire island. In fact, 84.1% of the population is concentrated in this town distributed over an area of about 190 ha, with an average population density of 3.36 people per household [14] . The town of Puerto Ayora is divided into five sectors.
The municipality has decided to further expand the urbanized area, because the existing one is no longer sufficient to accommodate future population growth. For that reason the new neighborhood El Mirador was planned [13] . The project involves the construction of 1130 lots with a rectangular shape of 15 m × 20 m. The lots are grouped into sub districts (manzanas) with about 66 batches each, within which there is often an area of 1500 m 2 for recreational space. Public facilities are also provided in the center of the neighborhood to serve the community such as a sports field, a church, a medical clinic, and a children's playground.
The municipality has proposed certain types of homes that can be built. There are restrictions on the maximum number of buildings, density, and land use, the materials that can be used and on the heights of the fences. In El Mirador it is forbidden to open activities that could disturb the inhabitants such as bars, pubs, clubs, woodworking shops, machine shops, car washes, boat workshops and other potentially noisy or polluting activities [15] . The housing capacity of the new district includes 10,000 units [15] , however using the current value of the inhabitants/dwelling (rounded up) a more appropriate value of just over 6000 inhabitants has been decided. Another 250 police officers and 100 soldiers, who will be transferred to the Mirador, need to be added, by moving two small barracks.
The collection of MSW of the few homes already inhabited is done "on call".
Current Waste Management
Throughout the district there is a service for the collection of MSW covering the whole of Puerto Ayora and the other two residential areas on the island. Where this service is not offered, people bury their own waste. The collection system (Figure 1 ) provides for the separation of different categories of material at source, leaving the user to divide the material into recyclable, organic and non-recyclable material ( Figure 2 ). For hospitals and clinics a collection of "hospital" waste is provided.
Until 2009 there was not a technological landfill on the island and the waste was spread in a place 27 km away on the road to Baltra. To mitigate the pollution of this area, since 2011 there has been land reclamation and a real landfill is being built.
In the canton of Santa Cruz, MSW incineration (open burning) is carried out by very few citizens who are sensitive to the criticalities of this issue. This is a very positive aspect of the behavior of the local population. 
MSW Collection
The cleaning of streets, gardens, parks and other communal areas is carried out once a week on the busiest streets, every day in the commercial areas located in the south of the city, twice a week in the residential areas, and twice a month in the peripheral area in the north of the city.
Solid waste is collected by three compactor trucks and two trucks with wooden boxes. Two teams are used to collect waste, performing on average two trips to the designated disposal/recovery, picking up approximately 10.5 tons of waste per day.
The waste collected as non-recyclable (residual MSW) and organic waste not suitable for composting are sent to the landfill site. The construction of the new landfill gave the possibility to manage them in a more organized way. Occasionally the scrap metal is taken away by private traders.
The curbside collection provides each user with three 70 L bins, for organic, recyclable and non-recyclable waste, respectively. Hospitals and private clinics are expected to collect medical waste in special bags, which are picked up by a specialist equipped with protective equipment and a specially equipped closed box.
The recyclable waste and organic bins are delivered three times per week to Valverde Environmental Park, which is located about 4 km from the town on the road to Bellavista. The recyclable waste is separated manually and treated in order to retrieve the greatest possible amount, while the organic waste is started at the stage of shredding and biostabilization.
For the street waste collection, there are delivery points which are normally equipped with bins for plastic, paper and organic waste. In the most crowded places of the city, there may also be even larger bins for the collection of recyclable and of not recyclable materials.
The overall waste collection is described in Figure 2 . The organic waste, which is collected separately in green bins, is treated in a bio-stabilization plant and subsequently sent to a composting process. After the treatment, it is sieved and packed in 20 kg bags to be sold or stored. The municipality mainly uses this compost as fertilizer for flowerbeds and green spaces.
The average daily organic waste treated from 2009-2011, when this method developed quickly, was 1.98 tons/day. In Figure 3 the monthly values are reported. 
Recyclable Waste
The recyclables collected are transferred to the Valverde recycling center where they are manually separated into various product fractions. The average daily quantity of separated waste treated is 1.47 tons. Details are reported in Table 1 .
Residual MSW
An average yield of 7.4 tons per day of residual MSW (that is non-recyclable waste and recyclable materials not source separated) is delivered to the landfill 27 km away [17] . In Figure 4 the monthly values are reported.
With this latest data, averaged over a time window of three years, it can be concluded that the organic fraction is about 18% of the treated waste, waste collected as recyclable is about 14%, while residual MSW accounts for approximately 68% of the total. By adding the two recoverable fractions, it is possible to reach 32% of recyclable material collected, which, in a context such as Ecuador, is certainly encouraging. 
Waste Management in Puerto Ayora

Waste Produced
In 2008, a study was carried out on the construction and safety of the landfill 27 km on behalf of the WWF. This study [18] showed that the most representative fractions of waste in MSW produced by the residents of Puerto Ayora and tourism are: kitchen organic waste, glass, cardboard and plastic bags ( Table 2) . Such significant data regarding packaging are not surprising, in fact, the archipelago is located very far from the mainland, and consequently the goods need more protection during transportation regardless of the means used. Plastic bags and diapers are two categories that commonly appear in the waste produced by residents. The percentage of food waste is relevant in the present MSW (Table 3) . A projection of the amount of waste produced per capita until 2028 was estimated. The Table 4 shows the results of the study [18] . The role of organic fraction is expected to change in percentage; its absolute value (kg/inh/day) in Puerto Ayora is affected by the restriction to the import of fresh fruits from the continent: indeed fruit beverages must be prepared only from packed juices; more in general, any contamination with external seeds must be avoided. That reduces the per-capita generation of food waste compared to conventional cases. 
MSW Management
Plastic bags are also used for waste before depositing them in recycle bins. In the stream of source separated recyclable waste and residual MSW, plastic bags are not a problem, because in the former they are separated manually and in the latter they are taken directly to the landfill. However, organic waste needs to be carefully removed to avoid contamination of the final product.
The waste from the municipal slaughterhouse, the public market and the fish cleaning and packing firm are dumped in the landfill. Waste from demolition and scrap from the building industry have the same fate.
An effort must be made for improving the management of tires, used batteries and a part of green waste, but this can be seen as a demonstration that the optimization of waste management is obtainable through a pathway of years.
Paper, cardboard, scrap metal, paper packaging bags of cement and plastic are separated manually and safely by operators equipped with individual protection systems. After being compressed and packaged, the waste is sent to the mainland and sold as shown in Table 5 . Recently, the separation of waste from electrical and electronic equipment (WEEE) has also begun, which is packed and sent to the mainland, and which costs around US$ 300/ton for disposal. Cells and batteries are separated from the recyclable waste stream, and at the moment are stored under a shed awaiting a suitable place for disposal [18] .
For a certain period, a small incinerator was operating for the disposal of hospital waste. A discussion was opened about the acceptability of combustion in this context. An alternative approach based on the autoclave principle was presented a few years ago as an alternative.
Potential Improvements of the Waste Management
The above described situation refers to a 3 year period when the management of waste in the island showed significant improvements. In this chapter, potential improvements to be considered for additional modifications are discussed.
Co-Composting of Organic and Green Waste from Gardens
An interesting alternative for the disposal of sewage sludge is to co-compost it with organic waste from the MSW from households, restaurants, hotels, markets and garden waste.
Numerous experiments have been carried out [19, 20] on co-composting two or more streams of organic matter. The combination of sewage or faecal sludge/organic fraction of MSW is the most commonly studied, because the combined treatment of this waste would result in considerable savings compared to separate management. In addition, these waste streams can be processed very well together because they are complementary. Organic waste is particularly rich in organic carbon [21] , while faecal sludge has a good content of nitrogen and moisture, the fundamental parameters for the successful outcome of the end product.
The characteristics of the output product are strongly affected by the quality of the incoming products and the techniques used for composting. Wastes from pruning, grass cuttings and leaves are the most valuable fractions in the co-composting process [22] . The high C/N ratio makes it advisable to compost waste containing a high concentration of nitrogen as sewage sludge.
Normally you try to get at least one sewage sludge sedimentation or dry fixed bed dehumidification. This pre-treatment is essential to maintain a mixing ratio of faecal sludge vs. organic matter of MSW as close as possible to 0.25-0.5, however up to 0.1 [23] is also possible in the case of untreated sludge.
Faecal sludge can be co-composted with any type of biodegradable material. Drying beds could help its management. It is advisable to leave the mature compost for 90 days in order to have a better product and it is hygienic to turn the piles over every 10 days. Given the variability of the water content of the input material, it is necessary to change the ratios of mixture so that the moisture of the material to be composted is maintained in the range of optimal values equal to 50%-60% [19] .
The municipality should also have a shredder to reduce the volume of incoming waste, green waste, especially from gardens. After shredding, mixing could take place in the bioreactor which is already owned by the Valverde recycling center.
This technique avoids the need to burn plant cuttings. Once this process has been started, we suggest cleaning the area where, to date, this waste (and often also non organic waste) is burned. Larger logs of wood, not for grinding, can be recovered for other uses (i.e., boat building, furniture or other objects).
One of the problems encountered in the treated and sieved material, is the pieces of plastic bags that are used to contain the organic household waste. A good initiative by the Galapagos National Park (GNP) and the Galapagos Government Council might be to ban plastic shopping bags and use envelopes made of biodegradable or recycled paper. Further progress could be made by banning imports of disposable plastic (such as dishes and cutlery).
The economic sustainability of a composting plant also depends on the revenues from the sales of compost. The current process did not guarantee a high quality product, but the above suggested practices should ensure an increase in the fertilizing properties of this product.
In recent years, politicians in Ecuador have worked hard to develop a more responsible model of organic farming towards small farmers and the environment. The integral agrarian reform introduces the concept of food sovereignty, and encourages people to produce food mainly for their own consumption, avoiding the use of chemical agents and methods of cultivation which over time can damage the soil. Increasing the quality and production of the organic fertilizer produced in this process appears to be consistent with the guidelines of the central state.
According to studies [17] , in the future 0.387 kg/inh/day of compostable material will be produced, while the production of dried sludge in the neighborhood El Mirador is estimated to be equal to 0.043 kg/inh/day. Considering a 2036 population of 19,516 inhabitants in Puerto Ayora and 6021 for the new expansion, an estimated production of compostable waste amounts to 3607.2 tons/year whilst for treated sludge a 94.6 tons/year is expected. The small quantity of the latter fraction of the total allows for easy dilution during composting.
Summing up, the above mentioned measures aimed to co-composting could help in decreasing the impact of the management of biodegradable fractions.
Waste Batteries
Ecuador has no specialized facilities for the recovery and treatment of waste batteries. The product fractions separated in the sorting center also include exhausted batteries. For now, these are stored in bins under a shed in the Valverde recycling center, pending the setting up of a place where they can be permanently placed. Alternatively, one of the four tanks intended for the ashes of hospital waste has also been considered, because the tanks are considered as sufficiently safe.
By placing two rows of bins full of batteries, would be able to form inside the tank two levels of drums, to be sealed to prevent leakage. Each tank is 3 m × 2 m in plan and 1.5 m in height, and could hold 48 cans filled with two rows of 24, plus another row of bins with a maximum height of 40 cm.
To increase the security, a row could be divided with the other planks of wood recovered from the collection and use as a barrier and stabilizer for the drums of batteries.
It would be good practice to encourage the use of rechargeable AA batteries and a mini stylus in order to decrease the production of exhausted batteries. An effective information campaign could also be addressed to tourists to take home the exhausted batteries.
These measures could help in decreasing the amount of heavy metals not correctly managed.
Waste Containing Asbestos
In a recent census, of the 4270 buildings examined in Puero Ayora, the roofs of 3549 buildings were covered as follows: In the case of the asbestos roofs, the risks depend on the probability of releasing asbestos fibers into the air and/or in the soil, which in turn is linked to the state of preservation of the product itself. Where in the surrounding parts of the asbestos roof, fiber dispersion occurs, the removal, encapsulation or constructing above the roof, covering it may be required. Asbestos should be removed by a highly skilled labor force in order to ensure maximum security for the reclamation and disposal of roofing elements containing asbestos. To proceed with the necessary checks on the state of conservation of the asbestos cement roofing and possible safe disposal, appropriate technical training is recommended.
In Ecuador, a moratorium is proposed to prohibit imports from the mainland of this type of product. Moreover, the island does not have a proper system for the removal and final disposal of this material.
MSW Management in the New Urbanized Area in El Mirador
The new urbanization will be served by the same curbside collection system that already exists. It is recommended that an interior space in each lot is acquired, which is easily accessible from the outside area, to place the bins for the collection of recyclable, non-recyclable and organic materials.
One of the problems most often encountered in the streets of Puerto Ayora is that green waste is left in the streets. It is therefore necessary to obtain a clearance of at least 8 m 2 , protected with a fence or a gate, where the population is allowed to dispose of the garden and green waste separately with those in small demolitions and tires. These small ecological islands should be installed in each sub-lot (in total 21) or preferably in the free areas in the middle or in those small free areas that are occasionally found near the sidewalks.
In this way, the entire neighborhood would be fully serviced by facilities with a catchment area with a radius of approximately 120 m and a population of a little more than 230 people. Both the radius and number of people are reasonably low and make it possible to improve the collection of these MSW fractions, as long as the storage areas are emptied three times a week as currently happens for curbside collection in the town.
Other Recommendations
It is important that decisions are taken with regard to the reduction of waste. For example, a campaign may be useful to sensitize employees to the reduction of printed paper or at least to reuse the printed paper for rough copies of documents.
Many of the privately owned gardens are full of unused and discarded objects. The municipalities could introduce a law for the protection of public decorum to facilitate the disposal of this waste. For example, a monthly market for citizens could be held to exchange and barter certain goods.
The cleaning and maintenance of roads could be probably not sufficient to guarantee an optimal service for the city. Incentives for the creation of groups of volunteers to help the municipal workers might help give citizens a strong sense of collaboration. These organizations could promote artistic recycling courses to involve more and more citizens in the fight against waste and the uncontrolled production of MSW.
Conclusions
The study enabled us to build a picture of the waste management in the study area, highlighting the positive experiences and suggesting some improvements.
Concerning the positive experiences in the area, it must be pointed out that the collection of mixed packaging coupled with a manual selection plant should be taken into account for a replication in similar realities where the tourist fluxes increase this king of waste fractions.
A more careful waste management would transform the operations that are normally considered to be problematic, ensuring a better quality of the organic waste and recyclables separation by a more careful collection. In addition, actions have been outlined for the appropriate disposal of hazardous and non-hazardous municipal waste, aimed at safeguarding the environment in line with the principles of sustainable development.
In our opinion, this study can be a useful approach to address similar problems everywhere, with particular attention to the low income countries and oceanic islands.
